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kBSTRACT

Thsthe~i represents an inaiysis of thi perfcrinarc- of

thea Naval Telecommunications Syszern's (NIS) !1ul- ich~i-ne.

b:oadcas-_. Iz highlights the spsed differential be-tween ths
Ni val1 Cc m munic ati ons Pro cessin An d Roun-ing Syste-MIS
(,NAVCCIIPABiS) processing subsystzms ani the -z ul ich annse

h:cadcas-ts transmi4ssion linss.

In -:his eFf'ort the .qessag-- flow -:hrough -he 11AVCCMPARS
is descrited. An aralytic Epproach was chcssn ard nu

s 6tnistics, such as average message lzngn_ anid inplan ==anes,
were ga-ihered for qiveuig navis T- Lqai~ ch=--c-

t -r stic upcn whi ch c zaz Performance is evaluat-d iS

th p average -time dilay ir. the system. The broadcast ch-ar-
nsl's abilt to satisfy futu=-- communca-:ons :equirsmants

4.z alsc e xaminad . The analysis demonsrates tham, unlasS

the ir~aigtrends in messags :.npu-: ratess are revsrs=! or
ms s ag c lzngt hs reducad, a Iadicatsd brcalcis-n vercoad

channel wcnud be required to meet_- comm un.camions rsqui r-
msnt-s thrcughcut the 1980's.
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I. INITRODUCTION

A. BACKGROUND

'The m_-ssioa cf the Naval T-3lecommuni._ca,:icrs System (NTS)

as o ~cvdeand maintain :-liakils, securz =nd :zid slz-

ccmmunica+-cr~s t-o s a is :y =he :euirsmerts c f nies Jo*-

ChiEfs cf Staff (JCS) a nd ~rensEds of naval man~sfo::

the cere-ciss of commard an!i cor-::ol. Becansae of g: a-:er

reli.ance cr ccmimunications sys-.ems for comman~d arn1 cc-r::1,

the NTS haS had o hanrdL a nc:ag volumss Cf Lq S a g

traf fic. Ir 1981, :zhe Naval Communical-ions P:cczess-in-, And~

Routing Sysnesm (NAVCCAPARS) received. 121 mc:- m~s_=agcs_, -han

in 1980, and rzsmit:ad 27 1 mo:4.- massages (Reaf. 1) hs

inc~sasing vclum~s ot naval tis.&ge -.raffic a=:l =xr;ec:-=d -

ccnnnnuj . Fiu-1-1 eia he .10-al Lumber C-. M.essazes

rccz -ved' daily by all RJAVICOMPARS sin-es sance 1975, an! us--nj

li-n-aar rzegr'-ssie'r:, proj c"!.s th:,- NAVCOM~PARS ily r-zc=.vzrd

tctals -:h--ough 1986.
The NAVCC!1IPA.;S was des:.ed n o sa t Isf y -:he nee d z i

m ors capable messagze pr:;c,:ss4anq and delivery systim. I-

--educed manula! prccessirq and rou-ti-ng of messages as wzell aS
ti num b sr of psrso-ne eui-d o communca-icns furc-

tiors ty automal'ing cther aspFc-ts of fleet communications,

such as cn-lins ship-shors and shi2-sho:sa-ship c-4rcuin-s.

The MAC0O1PARS is a software sys-tem -:hat r'v:ads a

communicaticns inzerface batween D -- fS e C ciqm1ir I:c cn s

A q 9 ,c y () C A) n _,wc rk s, local users an d z he c pe:a-: -c nal
fleat. The primary means of cc;mmuni,,cat~. with1- flsst unlIts

is thrcug*, the mulzichannel flist: broalcast. A2.l uniez_:w!v

ships &=e :azquirad 4-c cop y an assigned prim,,a:y br:adcas-:

channel, tased upon thei-= pr:-ma:y missi-on arsa, adeccmmo:-

12
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channel. The multichannel b:cadcast cons--sts of 16 sbhn

rels, each a:s an inputc rate of 75 bit-s per seco-d (bos).

These 16 subchannels are time divisiJon multipesxzi (TDM) and
transmitted at 1200 bps. 0One- of t h Z 16 subchannes i S

utilized as a frame-sync channel, for proper eyrnch=cn~za ::on

of shore and shi4p TrM equipment. Tde primary m-thcd for

transmi-tting the ccmpcs::te bro)adcast signal is via s-l

lits. However, high frequency (H?) t~ansmisszon -'s u-:-Ilize=-

*in ccnti4nge-ncy operatJons and flest ex-Brc--ses.
The IiAVCCMPAnS keys the a'ltichainnel brcadcaSt-lie

effected by the maintenance of complete guardls files"1=.

The system assigns a broaicast channel saiquence n'imber

(BCS N), staring with 0001 on, t-hs firs:. day of mach month,

fcr use in reasponding f: fle brcaidcast qcee rsu, Ss
IBSR) . These BSCNts Provide an accoun-ting svz-:em fc: --ha

troadcast, whicb is a "rece--ve only" communication~s c-.rCu4>

_ithcuz acknowledgemsent. Normally, a delayed, 1au'I : c Tat

resrur. channel is assigned f or e3ach, fi4ozs: rt=un channer.l S Cf th-

iul--icharnal br~oadcas-t. The syst-em also asnerates an hcu~ly

r=_cap summary for each first run zhannsl.

The !NAVCOMIPARS =aceives _zs Message in Pu -s r:-,ma
va::ety ::f sources at -i-fA- n inu L.oev h

majo)rity of message tra&ffic -Ls r=ec1_;iv=e from -wo Au-:cma:__-

tigital Network (AUTODIN) circuits, oo-ratinq a- 1200 baul

(the number of times rez seccnd that the ran- dsignal

changes Itsa val1us) . Since thea mess age t ra'.ffic --cr delivery

t:o --he flee: is beirg :r=ansm:::ed over-: a 75 bps brcadc:ast,
*thi-&s cr=e ates an snvironment fO= mzessage j'ieziing a: thz

cu-:put- circuit.

Queues zeast when the:- message -transmi sion -_: t (defind

as -:he cbanrnel's tIransmission ra-,e di vided b-y -hz mssia
*.length) Is exceeded by -:he message inpu- zal:r. DuS to t-he-

stochastic flow of message traff ic in commur.ca::cns
*networks, backlogs will sometimes x is: zve-r -thugh h

1L4



channel'S capacity excseds the ave.g e~: :W.

Hcvever, the rsquired channel tr a nzm.:ss r- s ;-- any

coumunicaticn channel must exced h art~ :w

[Ref. 2]. and can be cexprissed by:

where C is --:1. channel's t-ransm ssior, =a-e(bt/e

X is- --he average message input =:=- msg/

1 i4S the averace message length (bit-s/mssze)

'Ihes above equatic. sxpresses -:he obvicas ccd-:- h-a:

*the~s he encugh capacity to sati4sfy tha min.imum r~gu::__.T=rs

o f the average fl'ow th~ough the commun.-ca-ist3 sys-txm. I

also g ves :-h=ee si.;mplistic sciurio-s f,:=:ur :.d a,7

existing backlog:

*1. In crzs the channl's transmission r_

2. Reduce th-e message input rate

3. Reduce the message lerngth.

N'IS's managers consider a bTro.lat:~.e n

er:cus when the nPumber of messages aw a n:g -6: o.)
exceeds 100. when a backlog ccndi-tio: xn s ~mnc~n

psrscnnal have the capabiliy nf visu,,all.y sec: th
queues of any specific c ha.nnel z1 ncludi ng -cn 11Z zage

pracqdence and intended addressees. Three -ypre.s C fQ. l

status repoz-ts are genera-ted by NAVCOkIPA:(S. Orne7 renc='T I ,,

the niumbat of queue entriezs for each precedancs leve.-a, ;i- a
secord rc-po~t adds the intended addresssees fc:r sach m Es:sie.

The tbi--,d respor t cons-'sts of qmuu lial: *a=--ag wht. ta

*channel's queue reacbes a predetermined threshold.

The cpt-ons avai;lablc- to manage~s fszr :hs :educ-;c!- of

*broadcast queue buildup are lim*ied -:o:

15



1. Activat e a h~oadcas-t zvt,=!_ad chnn% (al~z 1 7

bps) * usually employs I whsn 11 e backlog =saches 150

mesa ges.

2. Alzroute eguiped subsc..ib ars a o the Ccmwon U sa'-
rigial Information Exchangs S,.bsys-em (CJIS, a ig

speed output: charnel.

3. Altrouts high usil subscriber:s -:o azacth- b~oadcast- or

full Firl-cd channel fagain, at 75 b;.)
4&. NoctI;f y high speed inpu: cnann: Is tc ~: ton~ly

Catsgcry I and II (Flash and In'da precedencs) :=affic
t-h N~~AVCCMPARS.

Before a communicatios-n;r ae t a-c.:

reijeve a t~ansmiJssicn queue bu'Idup, hA must f irsz under-

s-tand zhe factors that caused ~:and its r su Ian f f cc-
upor suhscribers. This thes i-s 4dpsigcned to -2 d :ha ccm mu-

nica irs manage-- in that sfforl.

16



A. ECUIENENT FUNCTICHS

Tbe 1NAVC014PARS cferates an a duplexed UNILVAC sr~re.s

5tJ/60 s~issystem, which is a cczmur.ica ---Ps o::einted,

madius Zcale arocesscr. Under thi-s duple-xe-d cniuai

cns eta processirg unit (CPUJ) and : associatsd equip-

me-- ar s on 1line while the sacond CPU _-s ma--z-a:-.d n :i
backup mcds. Table I gives a l's of NAVCOMPARS' ascc:aL-e',4

C~1peent. The CPU consists of magne~ccr ecyuis

F:7ogram cc-::o._ and arithmetic units, and inpl']:/outpum (1/0)
con: : cl.

!ach CPU has a mcdui ar ma4 n meuicry cf abu 1.5 million:

bytes (8 bL: s) capable of off :-hs shel.f =_xpansicn. Thes

Systsm 1c bl1 of handling~ six levels cf memory szepara-

t' or., which ensureS program and amemo:y i-nt=_qrity ina

fful-:_-Frog=1T~xng rnvi=onMen-. I: s capable cf addreissing

fixed Iqnq-h a.-iis of data of 1, 2, '4p or 8 bytes and va-.

able- lengths of 42-ta up 1t-o 256 charac,:ars. Tne CPU csnt~tns

16 ger-:al purpcsa reg ist srs, an d perfor ms decizal and

fixad-po:i-. -oeratiors, as well as data hardi'na, 1 ac isi'or.

and ccn-:rcl cosratiors. The :n-ernal logi;c fo: the c-nrol

cf elemin-.:ary operations by thp pzocissor is ccr-aincd ir.
the read-orly ccntrolZ m=emory. A standard s c of sys:em

_nterrupts respcrds tc various ,nternal and sxez-rnal c -ni-

::os afecingsystem cpszations. A- -.1e ::ms Cf 1Mn:S~ruaPt

processing can he t ermi nat ad, Zapprsssed, orcope

*dapzndi-g on yh Fye -f irrupt. T he a ne~ systsm

per-Aits I/0 activities tc proceed simil- aneously w-:h th=

CPU activitles. 0

17



TABLE I

MACOMPA RS Equipment

Mod21 12. 2 cr ipt ion Qa--

9060Central Process:ing Unit22
5- 0 6 Storage Prot -ct2

5-019-45 Clock 2
E1337-99 Selector Channel 2
4015 Ccrnso2. 2

AUTODIN Intarftcze

16110E Prcesso: 2
162501 Data Exch:ir.ga Corn-:c--. 2
165705 ACTODIN Llina Control. 2

DietAccass S-.oa: evi

8405 Dl,"ect qcc'ss ato:lgi cozn:OiJ 2
8430 Disk D~avss 10
5519 ~utcan1Swir-ch3
90/551 Dl-ec-, access stozage- con::-2.
5513 M tianJ.Sw-,ch 1

90335 Pape:; Taps Rzadezr (punch)1
53322 Tz~m-at= Feda-u~z
5337 End of Tape1
0716 Card Reader 2
0604 Card Punch 2
0768 Prirv.er 3
5332-1 ASCII Prn VFearure 3
5017 TaeCn-ol2
0862 Tape Unts~ 10
90/310-24 Standard Ine:c Uni: 1
90/31C-25 Standard !ntezface EUn --; 1
0768 Ccnsolce Prins2

Cc!Duncat-ons __ ugnen

3024 Front End Pricsscr 2
1928 Ccaunncat:or.s Cor:oller

5622 Messicaepaato 2
93/712 Teetp Buzz 82
90/720-21 Async.rnu a:se ufsr 14
3542 Vieo Display Terminal 10
5760 Station Sze.'-ct 10
5763 Operator Atnr1
5765 Scraen Addreas 10
5772 Display Expansion. 10

Op0t.ca. Charac-.er Reads: 1
?apa: Tape leader 2
TE Receive On.Ly p::n-ie: 3

5774-200 L:ca'L operat--on cable
-vx-ansior. 200 ft

50 riet 6



A mu1t.11xe: is an in-tzg~al par-, of t:-. --:U, i :

capable Cf accomodating 256 devic s, s Uch 3

sequentifa accass devices in a v a-?-ia-:y of -:crf -gu fto 7s.

Figure 2.1 is a schematic shcwiLng the conf Jia: -c:: c

equipment. Th heart of the communica - is modu2li= th

front end processor (FPEP) which provides -he cc~Tr-* -

syste=mfs inte-face with the data transmiss-or d~vic-s.

fAUTODIN E-0--
DIK NETIt ICONTROL-, z 1

DSS TAPE) LER %

* CARD 1 7CONSOLE I
READER UDTPRTE

P-gure 2.1 1IIVCOMPARS Equipment Configuratior.

Th~e hardware controls data :aL s:so z~ay-~~:

Pa=-i-y chicking, witb-r automatic inro :ecvmy. r.'ea-

:eai-afte:-writze occurs )n an-y w=:.-t =. data, 3,:11 any Chair-
*actes wi.tb bad p ar=ity Is replaced -:i its Ma~n Msmcry

position vith the system's e-rror byte.

19



The system is human mcnit:or-ad and conz::o11d, Jn

*anagemsent dscisions are wi4t:hi-n ah Durv --w of c p e ra o

peracnnel. The compute: opere.ao=. e~e with the: system

via a sret of ccntrci swi ahs and a console y wntr

*attached to the system by an axclusiviei trunk of thS mult-.*

plexcr. Cperator functions incl.ude l.oading programs or Iata

into memory, monitoring current procassinq st:ate, ard inter-

rupting CPU operations, when :egui--ad.

E. SUBSYSTER FUUCTICIS

The NACMPAES scftwara svstew wa.:: dsi gnsd as a u-

* :sallat-on system, capable of fulziin commun'cat-ns
needs that arz Sit. nme ;sfex~ln s:o~e

through --be modular design ot tas sys:ur,, -ind pzermits -h

p efocrmance, of sits uni-que requizeenn-S whils 1anti:g r

co mmc n =ystem architecture, sta a nl iiee struct:ure, and

st!andard I/C ined-a anrd ftsrma':s. This ,aoularit.y also psrmi ts

*econczm-cal and efflcient. scftwa:e za-_-n.&rnance and qnhanca-

mzent, which ensures system riabli

Cent-ral t:o the design ccrnc-eot ot teNAVCOMPARS is -7h=

separaticm of system's functions into a number of suhsvs-
tems. Tasks to be Performed a sl:n a bsystsm arre grcupesd

inological setS and assigned t:o prog=:--m modul-?s. C c.--_ o'-

ova:- the-: activities of t-hs modul:es w i --'n a subscys-tm isC

mainaia-Led by an activit;-y schcedu.=e:. Each subsystsm has

i-ntsrface eureet wi-h ths .- ha= subsysteams, anj does

so -througb ccamon data areas ('ZDA). Howe:vs= sach subsystem

*was de-velopzd as a se.parat- e ct-on c- sof-wara, and can b-

c perated individually or as a group, aepenndi ng upon ths

Uerror Crcnd4iion of the system.

Because cf1 t he complexity of he 'Overall System, ;:,IV
major~~~ caaersiso the NCOM1?ARS subsysm sas are

presented (Ref. 3].

20



1. Ccnriquzatior Mianagemenat Subs-t em

The Confi±au~atior Management Subsystem (CM1S) 4is h

basi4c sutsystem of the NAVCOMPARS. The CMS pzcv-'dzs the

interface between t he hardware and softwara sys:4ms,

including the UNIVAC VS/9 operating system. VS/9 J-s a Foft-

ware Fackag::, developad by UNIVAC, that provides all syst-em

and 1/O ccn-rol logic for the 90/60 system. CM1S ccro all

syste.-- m aria ae-msn functions, in-cludin g subsystem loading,

CDA al-cca-.Jcn and devIce acgui4si-tio;:n. The CM S rc=

witri thz vari.)US= zubsystsms thzough superviJSor= calls (SvC)

is aeu cd by tesubsystems for tha allocar:Jon rf CPUTJme CPU

timez is aliccate on a priLority bas'is, teuulalctc

i s CM~S highest, -Followsd by cnmmuncatIcs I/0 furc-4cas,

communacatlcons processing funct~ons and suppo=-t Zunc-:on=.

2d. Ccmmicat-icns Ccnt:o. Subsyst-im

~Ths Communications Ccnrolc Subsystem (CC-S) a-

'xason of CM15 QVCs :equzesti:ng commu.- cat: ors I/0 and

communfica-icns 1/0 irtez:upts ar-a passe d 'to CCS ra-hir t.han

Frocssed In the CMS. CCS allocateas allI commuzic=ati-on

*dev.ces , and d-s.-r-4but -s ccmmun~ca:-:ors 'nt e-=up~s -:c -h!

apprcFpjate subsystea. The CCS also p r cvi4ds foTr th C.

proclss~n r-a c o gs g enesrIt ed v a :ep = -4r tsr, 'clud-'nq -h=

channel lcg, servi4ce lcg, and the outgo-ig Ica. IfCCS

tr M1r a t es, all other subs ys-:ans w-"l follcw sin.-ce -he flow

cf messagr-s into the I4AVCOMPARS will czease.

3. ece,4ve Cont.rcl Sub systm

The Receive Contr-ol Subsyste--m (RCS) qp2:fc=Ms all1

0message in put p roc9s s ing, ad it:ing, in:t=ansi s-.c~age andi

initiel acccuntability. RCS i4s desi4gnsd as an -- u

d driven subsystem capable of itracin g with al:. sourcss of

input ccncurrently. Each message received i4n PCS isrecor=ded
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on a disk file (RCDSK), each message recsiv~sd wl be iiaa

recorded for recovery purposes. RCS illn CateS bufte==s for

-he receipt of message input, and converts messages rsc=-*ved

into a common f or mat, Extended Binary Coded D sciza I

Interchange Code (EBCDIC) , for processing. RCS r:__crins thq

coordinatiJon required to ensurea that all -:raf fic racelvcd is

ccrrectly .identffied by assigning Processing Seque-nca

Numbsrs (PSN).

4. ~Essacge P=,2cessJ.Zn. Subsstm

The Message Prccess.6na Subsysne-r..t (MPS) Fsrforms

message analysis and validation, zoutJing dcac asg-

M-n:a and i.ntse-nal d.,stribution assIgnment. !is a IZ

de t a m:es mea s age delivery requiresmants and per=-Forms

suspected dup! icat e pr oce ssinag, 0o e±Mna Z d u.) 1 Cat-

u.:ssages. "PS provides -he NAVCOMPARS iera with Vidsc

'isplay Terminals (VDT) which pa-mi' : such function- as

asssage en-rry and recall1, message -adit g , and ch a 7-r. s:.

statcus and ccntrcl.

5. irnm'so Process inc Subsyszlm

Ihbe Tzr. smlss:.or. Processi-ng Subsyste in,- (TPS) p=cv1 ds

for transmission channs2. scheduling, I u suinga messages for

traizsm-_Ssicr, and alternate routing. TPS inaritains hePS~i

_4izact o ry a zd, cnce transmissi-on. is comolaeted, wrI79s - hs

mnessage tc -he magnetic taps Journal Fils.

6. Iransm.ssicn Ccntrol Subs~atsm

The Transmission Control. Subsyste=m (TCS) tasn

massages to a communica:i-cr.s channel o= eifa devics. XCS
provides format and code ccnvsison, e=diting and :zu :.nq

line saegregation. TCS also gsne-rat es a Transissiorn

Indi*catcr (TI) fcr- each mssage transmi-ted.
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7. Sur-ort Pro;ra Subsvsz:!n

The Suppcrt Ercgraa Subsystem (SPS) perfcrw.r :-

genraic ad il rinenance. SPS maintai.ns :h- R)u-:inq

and Distributi on File and produces -sports Cf Routir.g F42.=s

Elstrikution FilS, as well as, messag4 process-4rs:,7 s

tics and summariaes.

C. SYSTEM MESSAGE P1CM

The ItAVCO11PARS consists of t h= =- b a .c f u r c7ICns;

message input, sassage processing an.I message : s:o

[ Ref. 4]. A message will enter ths sysz-:,m, unds:go a ssr~eE

of prccsssing sps, culminating in. : hean~is of -h

msssages. F I;gu=r 2.2 depicts the Z:Ic w o f a MZEssagE ho'a

the NAVCCEPAiRS's su o s ys't Sus .

Miessages a~s ent~:ed into NAVCOM1PARS from a va-r--sv

Cf sources, including AUTODIN, CUDIXS, paper tapi- reader,

card reader, magretic tape, c-ptical characte-r rreadzer (CC-.,)

te -:type- (TTY) or the command VDT. Oncs a rmessacrs s--..-

the system, -ths RCS is nczt-fied %trough CCS -ha- a iara

block bas been received. Ccnmrol o tha =sc-z.4v - m~saa-

assumed by RiCS fcr input process; na.

RCS Is respcnsi-blg f or cr eat-ig initiLal on 11n

messags stcrags and has a capacity fcor 500 j'ie'ied xsssagss.

RCS p~ovidis queue limit warnings whsn :ha q u,:u _

-ahes 67X an's 801. Whn hE quzus s--z rsaches 48 -

Snt rie s , all Input lines arc- disconneic-i-d. A-: -his pcint, no

new messages can be ent:ered intc the-' NAVCOIPARS, unlesss

entered by operator personnel thro)u gh u s s f he c-mmand

VDT. Prccessiig aad routing of messagss alzzeady in tlh= RCS

and the-succeeding subsystems i s ura f f actE d. T his c,:n di~

4 ~con::nuis until the queue size :s~s hn475.
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Af,: asIgning a PSN, arl upon completion of in.-,u:
p~ocessnq, P.CS writes thIe message onr, DK

2. Fissa Procsss-ri

MES controls the message Pr ocessiLng envi-ronmc-nz,

reads the msssage frCm R'-'ArSK Pad validate:s 2.it, ch sc k f rat
lineis . I f the m essa a cnan 3 some pro cessing r mst- .c- cns

c= f -rma - errors, the messag a-Is roifted to a ssrv--cs :ne

for ccr~ect:.c- and re-F.:rV'. During process;.ng, -he iezg

4s paged and sec-ioned (s~x pagaes or less e-quals a 3sc-:ic.

MES has an ava* ible queue si'ze of 200 msssagas.

hhenthe ueue size reach-s 18), only flash cr hige pee

dence messaces ere accepted. once the queuc s~ze- riacohes

190, L1ES will only rscsiv.- inouz from -'-h= commazd VDT.
Unie C, P does not shutdown as a :es_-ul: 0.: qu* -ize =size.

Should M1PS d scontinus r=ccesS rg, messages would still1 b--

recsived by RCS, but 'cull svent:Ia1Iy rs ult in RCS

exceedina i-s queue Li:L Z.

Upcr completion of: -4:s processing furcticns, MPS

writ.,es Ie messace cr its lisk (NIPDSK).

3. M1essage Transa-ission

IPS assum-?s cont:zl:: of -the: message ir ths tr-ansmi4s-

s ion ev i r nm s - 4 4 it eads -:h= mssags from .4P D7 K,
dete rmizes th ransmzssion channl! arnd queuies -:hr message

for de1Lvsry by ICS.
IPS has two queues,:. Q1 is th sg conA.iit

queue ar~d ccnsi-sts cf thOse messag-es pending~ nrcssafna

action. Q1 bas a maximum Size of 6200 me ssagss, 803 c46 which

are ccrez resident. Cnc? the queue sizea reaches 6090, IPS

will accept caly immediata, c= higher, prscadence messagses.

The seco:nd queue, Q2, is -he Transmission Quzus -and co nsists

of thos-- messages awaitIrnq rransm_-ss-_c-. While a messags may

*appear only cnce in Q1, iJt may appsaz several --mms In Q2,
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depinding upcn hcw many delive zy ziArcu_ s a==-Eu::1 Q2

haz a maximum queues~z SZ Of 47000~ messages, 40003 ot- whlc!

arg ccze :esident.

Ihe message transmission subsysltems do not shu-iown

as a result of queue si.zes, however, any fEailu:E i-hess

subsystems would result in the irLabili-.y of :h s NAVCCMPARS

to :.-ansm-t messagss and cause resulhing backlogs ir inha

precsidanig subsystems.

IPS queuss messaqes fo: t-:a::smJisSi-o: cn a f i=S- -in.

f-4rcs-out (FIFO) basis, by precedanca levse.. Flash, o7
h gir, p:- zce d ance leve ls wil i11 ~ p any low=: p:-cs-

ae nc C 6 lvel currertly b eing pzoc=-sssd, Whjla C- hez

pre-cedance levels sinply prcc=esd zo ths n'sad of !-:e lin;4 C-

anyv IcW:-- C::=CzdnC' T=SagzS.

mal-teenance c46 the Va~iCUS Jue U-SS Of NAVCCMPARS isa

sys :Sm Cverhead. Requi-ing zha systam to scan lara= quzuces

h iith rex- job to perform, n-iss up computer :sscuc=s -ha-

c4uild te used for prccessi-ng and asmti m sg.
Aft: ~asmss, on ~. o~.~e, -h w-Essag= ''c

Z' 1: e Y :c -:he journal tape, by TPS, zo: =scord 9u:pcse:s.
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A. H!SSIGE INPUT RATE

in crder to determine a charactzeris:iJc mssage inpu-

rate, statistics were examinsd at the Naval Crommar ica -ions

Staticc ENAVCOM1MSTA) Stocktcn, Cailfornia. A search was mad-z

for a tiuzp FsriJod where the message volums waS rsprsser-:a-

t.Lve -3cf ncrml load and was no-_ affactsd by arny uriusua!

fleat tr asehore ac-:ivity. The day chosen. was 30 Cz:--:be-

1982, Radio Day (RADAY) 300.

The SPS Processing Traffic Analysis Rzpcrt (SIPA) wa, 7

examinied for RADAY 300. The number of m=essa'-=s z:zcs-vea by
RCS per hcur and destirsei fo: de-livary orn th- ccmmon chazns

(HMCC) of the multichannel broadcast. w- - rc =Aded by p:c-
-*dsncs i=vel. Table II co-ntains rthe messag-e ::nou: da-,? for

EADAY 3)0. The mean.r, and s-nandard dzvia-i-c, ax f 0:7

each pricedenca level was chcssn as a means cf dsescribin-

-the inpu- rates, and was computed using --hs fol:-lowi-ng 1q-ua-

rt'ons (Ref. 5).

114

(Eqn. 3.1)

0T.- ; ~ /(Eqr. 3.2)

where N 6s the number of cbssrvamlons made
4Table III contai-ns thez r=sults of -:hi. ccmPu:tio-.
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TABLE II

message Input Data Distribution

HCUR FLASH IEMEDIATE PRIORITY ROUTIN E

0100 3 8 11
0200 0 L4 6 5
0.00 0 5 6 10
y00 0 2 10 2

0500 0 '4 7
0600 0 2 3 3
0700 0 2 2 7
0800 0 6 9 10
0S00 0 5 7 19
ICo0 0 2 4 6
1100 0 3 6 9
1200 0 1 8
1300 0 2 4 22
1405 0 5 12
1500 2 7 9 5
1600 0 3 5 9
1700 2 2 4
1800 0 3 1 9
1S00 0 1 14 8
2C00 6 2 11 6
2100 0 2 8 6
2200 7 '4 5 8
2300 1 1 3 7

TOTALS -- "5--

TABLE III

message Input Rate (per Hour)

PRECEEENCE .4EAN INPUT RATE STANDARD DEVA!ICN

Imme ia- E 3.41 2.28
Prio:ity 6.50 2.99
Routine E.58 4.57

B. MISSAGE PROCESSIRG SPEED

Al-:hcugh messages undergo some p:oc~ssi-g -r f-ih PCS

and TPS, message prcc-ssing is -aken hqrz. tc mean th, vali-

dat-icn undergone in MPS.
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CLOCKS is a softwa=:, program ie Veloped' oc--0r

tha 1AVCCEPARS syst: qusuias -z-d maeasure_ NAVCO1PARS mesaag-
rocessiCg rae. COCKS runs in hs backgrcurd dn=ring

1NAVCCLI.ABS message prccessing ind m~aasures nhe -:ca' nimber

cf messages i6n both RCS's and LIPS's quaruss. CLOCKS al~so

measureas the total numbsr of iessagez rsceivzad and procgssed
by RCS and MIPS during a c;z~~ -is~trvl and makes

Frocassirg spee d projecti-ons, based onr .his da~a T hi

Processing speed pro-jectiocn J1 '1 wa: is normally :,1fa=r-td

as the NAVCCLIPARS ,:hrcughput ~~:

CLOCKS car. be op~rated -n fa e mcdes. Mcde c-a will

Froduce system queue summarzsa -_v- ry :nu-:_ off the mcn:--zs
intarval. Lin mod a : Zv:~ Vs w i -rCuz '"!_U

summariEs .64-r spec-:c _*.-.cs wz::" -n :hs mc::r.:
interval. In mode three pran CLOCKS pr-.vi.Ies a sys--e

queus summary over the en emo-iito.:zd inr-erval. Ficau.:- 3.1
conzains summary data of CLOCKS mz,-d,- :wo cper7a:, W: h 5

a-nute -__-me intervals, for RAD&Y 300. Ths msan ar~d s-:anira

deviation of this da-,a was calcala:sd,utlzn qa:n

3.1 and 3.2, and found to be:

X = 43.66 Imessages op r 5 Di-.nu-ne :r.:erva2.)

(Y9 .23 m~ess a ge a-s 5 a i ut s In s v a

This implies a NAVC0 FAIRS pr-cqssi7ng spisd, 0=

throughput rate of approxiJmatsly 52~4 mssag:-s p--r h-:ur.

This throughput rate Includes all messages prccsssed ~y h

* NAVCCMPFIBS, regar-dless of transm~ss'cn chann.

29



0 40

~3 0
Cl)

0 W0

5 MINUTE INTERVAL

Figure 3.1 Mlessage Processing Speed (CLOCKS).

C. IIISSAGE TRANSMISSION. RATE

11h s 13PPA does rc- list the character-i ~r. a -. of ec h

m r Sa3g r t r a. nSM L 4ted, ho wev:, : d os - .s -:Stha :.umbrtr of

messaces wbcse chazacter lang-h falls withi-n i 200 charsc-_:3

:ntirvall. This data was --xamirael 4ri1CC, d:.g iADAY 301),
and is or~ zn~ ed in Tablz IV, by pzacedsnc- iv's The ma

f-,- each~ trecelerce level was compu ad, us--,a zlh ,- -odcin-

sr the in-terval, and TAabl=. V cointains thase :esul-,s.

Since the SAVCOMPAES 'at ilizes EBCIJ-IC foz --r-=.,a cp':

atlesns, *thz number cf c-hazacters must be mul-ip2.is dby 9 :

cbtai-n the numbzer of bits per massaga. T h ru-ch::e_.

broadcast utilizes 75 baud :-ransrnisslon 11eS, thus -h.=

t~ansuissio: ti-mQet s(~ s coad s) is squal -o -:h mssag,2

lengtb (in tits) divided by 75. Ths inverse7 --f -hs uani-:y,

when muutipied by 3ECO, gives the transmissinn rate:-, p ,(p
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hcur). tahle V contains message t-ansmissior. s-a.- f_

BADAY 330.

TABLE IV

Message Length Data Distribution

hjractej a Flash Immdiat P:i'ri-v Routinc

200-399 C 0 4 2
400-599 14 19 32 3
603-799 - 13 24 23
800-999 1 13 23 19
100)-1199 0 10 13 14
1200-1399 0 6 14 16
1400-159S C 9 11 12
1600-1799 C 6 10 9

* 1800-199 c  C 5 9 7
2000-2199 0 444 3
2200-239 c  C 1 6 2
2400-2599 0 3 0 4
2600-279 c  C 0 2 2
2800-2999 0 2 3 4
3000-1199 C 0 1
3200-3399 3 1 1 1
300-359c c 1 a 3
3600-3799 0 0 4 3
3800-3999 C 0 3 1
4000-4199 0 0 0 1
4200-439 c  0 0 1 1
4400-4599 C 0 1 C
4600-4799 0 0 1 1
4800-4999 C 0 2 1
5000-5199 C 0 1 2
5200-5399 0 0 3 0
5400-5599 C 1 0 1
5600-5799 C 0 2 1
5800-5999 C 0 21 16

TABLI V

Message Transmission Stazistics

lean M a 1 n an
NRCCC e ss aziTe qt h K m s 3T7,7 T m c- X m s7 P~ as

Plash 555.5 59.25 "60.75
Imaedia: e 1216.1 129.7 27.75

- Pr~ority 1928.7 205.7 17.50
Row-ine 1839.7 196.2 18.35
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D. STIATISTICAL ANALYSIS

The average message input rats for HM4 CC t' un

the average input rates of all praceadence a eel Z
given by [Ref. 2].

whe:e P is the number of pracadzrcs vl

From Tahle III, thi-s value is app~oxi4ma:z_-iv1 19

pr hcur. when compared to ths averags mssage tcs

speed of rPS (524 messages psr hour) ,~ti pae:ta
the brcadcast input rate causs nc diff_'a Ta-

processing slabs ysk1e. This re su~ I s~oe-:

required, gince one br oad cast chanznel is only :n f xnv

NAVCCEABS' transmiAssion lin:es.

The average transmiss on rae, liste-d itTat!=

also well br-low -he message processing spezed. The ress-2.7

:ri~s speed differiential is d-epictezd in ":alaz 3.2"

liSt s --be tcurly me ssa ge tzaasm-ssi on back1:). fo:: Hl'~c::,

during RADAY 300. The mean hourly backl-,g was ccrop- ,2 :A

appreximately 35 messages. This backin:g i"s We"l
100 message level, ccns-Iie act y n TS's i<a~s

If an assumptio is madeththibcko *ors- fih

cver 11,4 minutes (the backlcg m:16iJp lied bv -he_= -tarismiz-

sion time), if no highar precedence massage s a :ceve

for transmission. This 11 4 minuteis w~uld oz addid i -o
*total time each of the lowes-t precedence messages spands in

the sys-.em. This illustrates zh . import:ancii ofE kzepinq -tran-

smissica tacklogs at a min: mum.
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Figure 3.2 Hourly Message Backlog (HHCC).

ibis speed dif s r sr. i a 111gh1 g h Z h ii n e d .for :-isly

action to elimint todcs queue b~iil--up Iu=in peioi

c:- high message 4npuz rat~s.

An indicati-on of the use of a cc'ariunicatlcns chaz:: . is

g gven by t-he ratio of it-s msssage ::out and t-rarnsw-s-on

rat _s . This 2easure is call-id systzis at-'lizat on, p an

is =atpesented by [Ref. 2].

Wherec A is t-he mean message input r:ate (massag=es/hcu::)

a I s the wean message Xumission ra-te (missages/hour)
The utilization for each precedqnce 1-3v~z. of HMICC, was

calculated using equation 3.4. Table V! cantaizs t h z-s

results.
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TABLE VI

System Uilization

i'=cedsnca level Ut 1iz a-: c n

* Immdiate.12
* .Pricrizy .36

R o u tine Ca46

TOM A795

A utilizat~on rate equal to or arsamer than c:-r- woull

::d:ca:e t:ha-t -.hn transmissicn quzue would inc:-4ass i-c

bound. I he- !a rg- le viation i;n messaga in putz :atss, ispe-

C-1.alJ1 y a t :h a Ro utine precedence- ve, idicatezs anP
explosive situation, sincez ths uti:lizat--cn rate near one.

-he2 clcse: the sys-tem utilizatiJon ia to one, zh, greater tnh

delays i.n the syste.m will bscome, and -:he? greater the

average queue s2z e. A hardware :)r :-ransmiss--on Slabsystem

fail-u~e a- such a high utilization rat.:- would rssul- ~a

:apdly accumu-,ating backlog. G'ivern tha spe-rd diffc:erer:aL

of -:he 'AVCCMPARS's irocessIng and transmi-ssion subsystems,

this backlc- would b.= almost impossi-bl=e to e:na a- -thF

broadcast: chan:el's currenrt tr7aasmission zate.
Anidalutilizati~on rate *s cone t*hat= Proid 0 pCoer

balance bc-tweer. cor .licting de man ds o f u - * iz a-:on a nd d !a y

tzma. bu- shouald prcbably be around 60 perzc=rt Again, th

simplisctic sclutn.ons wouli be t-o eihrdecrease the message

:nvut rate or increase the massage transmission rt. A te-n

-perccnt r eductin i r the a vera g message iptrtso
Immdiae pecdence lava!., and beicw wod rssult! 'n an

Cight percent reducticn 4s systsem utilzto. Th es-

*transviss--on rate could be increaased t =-- p e=cet by a -tan

Kpercent reductor in the aver-agz. message lsng-:, ani w-ould

LLalso result i n an ei 4ght percen- reduct:ion in ut-I*za-ic-.
The simultaneous employment of both or tn ese merasures -cull
achieve sigrificant :-3duc#-ions in the- ati-4lza-i'or rate, a ni

rssult in a more resFcnsi4ve commun:catIcns chann-4l.
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IV. MODEL DEVELOPMENT

The employment of an idealized mathematical mo!sl, as F

descriptive tool, provides sase of analysis. Because of

random arrival rates into the syst-m ani -he sysz-m's .--aow

service times, a math-matical model may .-.t r-f!-c- th 

system's status at any one instan: _n tim-, only an ;xp-c:ei

value. If interzest is in the change of the system over zime,
then a computer simulation should be employed. Befor_ simu-

lation is attempted, a.-. idealized matheatical mc-.l may

prove to be a useful tool. Howeve-, -he idealizations

intcoduced in the mcdel must raflect the essential charac-
teristi.6cs of the modeled systsem.

A. MCDEL ASSUHPTIONS

In attemcting to fit a mathematical modl to -h_ svstem

message flow (as described in Chapter II) th- messaga wn pu-

rat and the messags prc ssing speed di -_: 1,a
"Presen-ed in Chapter III) supports an issuamoticn -ha, the
input a into the_ t-ansm~ss on subsystem is ah saz as

tha- cf the receive subsystem. The assumption is also made

that ther exists nc restrictions on message input -a-s, or

that an :nfirize source exis-s.

The model i= based on an assumption of inde.penden..

between th- message irput an! -zansmiss:.n ra-es. The

as1ump:ic is also made that there exists no r:zb2.!as

transm'-t-ing at "he channel's transmission ra-e. Queu. sizes
are assumed equal to those described in Chapter II and quaue

discipline .s assumed to be FIFO, by preced_ncc lev-l, and

no messages are -allowed to l-av-s th. queue, except by Iran-

smissien.

3
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The message input or arri-val :ae s a-7sumiz - bz

ran dom, and cannot be predict:ed with complete a c'iracy.
acuwevez, this arrival rate can be dascribed st-a-64s i L~y,

by means of the Poisson probabilt -_ strbutim. fun.in.

The probability that the function, f(z), will t-akq on a~rv

value, x, is gi-vsn by (Ref. 5].

w her -a i s the ffean message input ratz (minssag~s/hcur)

The cbserved message input rate was tsda~rs

the t heoretIical Probabilifty distriJ.bution ffunc-ticn, usinq znes

Kclmogc-_cv-Smircv gccdncess cf fit test, a nd fcurd :-ha: :

assumF icr cculd not be rejcte atth .1 sifi_

level. Table VII d splays th-a results of the soci:-s= o

fit tst

a. KOLMCGCECV-SMIRNOV Gccdnesss of F- Tzs-

Goodness cf fi't r::'ers to -.h-; comparscn a -

cbserved freguency disr1=ibut:*ocn -c t-haorv c= assumotrono..i

the KCL*,CGOROV-S11IRNCV goodness of f--- tss:-, tecsr

cummulative frequency d sztrIbution (CDF) is lstad and L

theoretical CDF is determi'ned based on trap a:pprop4_a: -=_.ua-

tion . The deviaton Js dsfinel as the absolute. rai",ae o4 -:-

di-fference tetween tbe cummulati-ve obs-Brved ra ,-rdi~.

frequencies. Ths maximum devia-!:cn --s compared -o -h=- Tahls

-. ~cf Criti.-cal Values, listed in figure- 4.1, for erm::o
7-cf the significance, levelf orteprbblty of comrn"rtimg

a Type I error. A Type I arro= _s committed when a valid

assum Fticr Is rejected. Usually, an assumpticn 's t:est&ed a-
*-a .05 o= .01 level of significarnc.
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72

Level of Signiiic-ice for D,- %Iaxirnum I1"(x)-S,(x)I
Sample Size - -

(a) .20 .15 .10 .05 0!.

1 .900 .925 .950 .975 .995
2 .684 .726 .776 .842 .99
3 .565 .597 .642 .708 .828
4 .494 .52S .564 .624 .7.3
5 .446 .474 .510 .56S .6(0

6 .410 .436 .470 .521 .618
7 .381 .405 .438 486 .577
8 .358 .381 .411 .4S7 .S43
9 .339 .360 .388 .432 .514
10 .322 .342 .368 .410 .490

11 .307 .326 .352 .391 .468
12 .295 .313 .338 .375 .450
13 .284 .302 .325 .361 .433
14 .274 .292 .314 .349 .418
15 .266 .283 .304 .338 .404

16 .258 .274 .295 .328 .392
17 .250 .266 .286 .318 .381
18 .244 .259 .278 .309 .371
19 .237 .252 .272 .301 .363
20 .231 .246 .264 .294 .35S6

25 .21 .22 .24 .27 .32
30 .19 .20 .22 .24 .29
35 .18 .19 .21 .23 .27

Over 3S 1.07 1.14 1.22 1.36 1.63
__"_7 7.;"

Figure 1.1 KOLNOGCBOV-SHIRNOV Table of Crtical Values.

• -i 2. E S c.ent tal Iessaa L---_ th

-hs length of messages a= iv g t= --ar. sm-s3:n c.

thi multi-channel brcadcast az:e aisc a3ss med -o te -andom,

hut can te desc-ibed by -he negative

t"on function. The prcbability -ha- -ha fulc icn, f(), *ill

take cn any value between 0 ar. x is givir by (Ref. 5).

-/x

w here 1 is the mean message leng-h (bi-:s/mes.=age)
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The observed message lengt h statistics w:: se

agairnat theP th=eOretical probability dis-_rlbution, agairn

using the Kclmogcrov-Smirnov goodness of fit test, a-1 found

*tnat the assumption cculd not bq rejecte=d a-- -tha .01 sig-ni-

f --can c-a lev el. Tatle VIII 'displays -.he rssults cf t his
* goodnsss of fit test.

E. £HEISUflE CF PERFOEflANCE

A mathematical mcde). gs n zrate s ssv'sral mt-asu=es o f

Fr-:fo:mancce upon. whIch ths modelei sys-:em can b.:: evalua-. d.

Ihe m-aasure of perf c~mance 1--ilized -1 this =effc=: is
average time within the system.

1. Aviraci System Waitirg Time-

When, a messaae =_nters :he system, :ne length ol tims

4- rsia.ns 4n the syst:m is dsterm.:n.ed zy trhe- amcunt: t imDs

Sspends waitir.g tc he served and beaing s rved. Unde7 --h=

r.o d 11s assumptions, the servics time -s a fuizction c.4th

massage length and the chan-l's baud rate. T ha av- raac

* - srvietm or transm .6ssion time for Aeach :=c=der.cz v

lis1-stad in Tibis V.

The amount of tlms wa-Lting for sce=vc- -s a :'mnc-:4on

'I* zahe iiiion of he system an~d -:he queue disciPline

-he !:c1_ies thtdei.erm-ne how messages azu- se7 ctmd for

service. Ihe m AVCOMPABS transm-'ss:.on sunsyste ms utilizs both
.0a "preemptive" and "tead of the lne p~icrlty dispa-ching.

Flash pricedence messagss preempt or ine:u:1n ransm-
s co o lcwer precedence messaaes ihl mma lvl

and telow, messages procceed to the head of the waiting ln

f fcr lower pracedence message:s, wit t 'I: erupig a

tzanswIson of the currsnt message. Eic a use Flash preca-

dence messages :ep~esent only cn=e percent of the -.o-a2.

U Z 41_4z a 1i4c n, the NAVCO!IPABS is tre-atsed hre aS a "h~al o
the line" priori-ty 1ispa-tch only.
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An analytical model, a o o

asumprtions, was presented by Leonard KI"-.i::cck [Ref. 6], for

the detsrminatior of -he averag-s wait-ing time w~h:a -=an-

smi.ssicn queue, 1p. This mcdel is given by:

(I

anp (I-gn. 4J.3)

resuls we adddn tthavei~rg ra9 (mssag=n t: or ac

P s h s cch a P.l n ai1 s the tal vrc :m es

sp nd within 1h yte. lbl .cn4nsth. )sl

aiin sfrall precedencs Isvels, fur3n ZADAY 30

Thle results presented in Tabla IX, fer ?2lash prace-

dance ::=affic, are erroncus sinc e 3L hea d of :hs I ne
priority dispatch mcdel was used. Si'nce -his precedsnce

I9v el I -nterrupts b~e tra rsmission of lo:we-: p~rec?!SncQ
levels, its total time in the system --a appro:ximatesly squ~a]l
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TABLE IX

Average Time Ini The System (minutes)

* RECELENC! E ATING T -ME XMISSION TIME TOTAL TIME

*iEmped~ate 3.41 2.16 5.57
*Pr-or~t 6.62 3.42 10.04
74Bou: Ine 115.29 3.27 118.56

4+ is transmission t4 me. 'Phe results obt:ained fo: t h

-*remaining precadence le vr-1 s hould accu:at=ely re=f2.ect~ th
av~aequu wiing t-;ics, alth.ough th= -o-:=l time in th~

system would be somewhat: lcncFer, beca-ase of ::_ms sper.7

the receive and processing subsys-:ems.

C. ICDEIGS PREDICTICUS

It is important to note that th- results ob-taie from

the use cf an analytic moi3?2. z:eprssen:s thrz stesady stat z, o:

long-run behavior of the ysem Althoughis mozd?! does

not refJI ect the tra nsizs t behav:.or of the syst em, ti

suff iciert -c predict ftr long**rur beshavior under varying

inpu:. rates.

His':c=:cally, tte naetal 'AVC0MPARS' msssage tzaffic has

incrqased a-: a linear- rats sincs 1975 (see- figure 1.1). Thi;;s

I-.cr:eiase a expected -:o :each 38,300 messages per day for

all five NAVCOMPARS si ez 4-, 1996, Frcm~ its 1982 lzvel f

30,300 messages per iay. This rzpres e.-.s an annual in:creasa

Cf apprcximatsly SIX rercent U er year.
If a n assumption Is made -.hat the_ multnichannel broad-

cast's -traffic- lcad will also increase a,: thi-s ra..r.er, wh-l=e

t he current percentages of messages -6a sach prescedeance_ level

*ramains ccnstant. Table X con-tains pradzcted hour-Ly inpu-

rates, based an this assumption.

if an assumption is alsc made that the av era g = m essage

lengths of each precezdence 1lsval also rzemainas c on s--ant

*during t.hesi t--me- periods, then the boadcast7 channel-2 Wculd
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TABLE I

Piedicted Message Input Rates (per Hour)

Y.AE F.ASH IM.EDIATE PRIORITY ROUTINE

19E4 .85 3.85 7.06 9.63
1985 .90 4.08 7.'i9 10.21
1990 1. 21 5.46 10.12 13.66

*1')95 1.62 7.32 13.42 18.30
2300 2.17 9.79 17.95 24.48

exp 4:e,-ce higher utilizaticn rates. Table XI con-ana -ha
Zpedic--d utilizaticm for all pr 9ceancs lZvZIS 'For FRICC,

through the year 200C.

TABLE ZI

Predicted Broadcast Utilization

YEAR FIASH Immf IATE PRIORITY ROUTINE TOIAL

198% .0 .14 .40 .52 1.0'1 85 .01 .1I4 .42 .55 1.12

1990 .0 .19 .57 .74 1.52
1995 .02 .26 .76 .99 2.03
200J .0- .35 1.22 1.33 2.71

Bas.d upon this prsdic--d u--ilzat'on, -he av- u

wai-ing -ije within the transmission lusue can bc c-icu-

lasI, usirg squaticns 4.3 and 4.4. This r-sul- when added

to -he average transgission time, gives ths total time spsn-

in -he system. Table XII contains thes_ or.dict-d rssults

Through the year 2000.

The atove results are all subject to -he validity cf the

assumpticns regarding m2ssags inpu- ra=ts and messig-

length. Again, the resul-s for Flash p-ece.dence messages a-

inaocvra-e, however, as the input rats ;f Flazh pr-c=.-dnce

+raffic ircreases, that level would also =xperienc% scm-

d=.ree of queue waiting -ime. The da-.a in Table XIT -n1i-

cates that t.he average waiting time, with4n -he quu., for
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TABLE XII

Predicted Time In The System (minutes)

FLASH IMMEDIjTE PRIORITY ROUTINE
4Z#RQ41 oral gZ'eefoil ~Oue U-iUal-T01 Qu ~ a I73 . 1 - W-. Ds -7.531 17773 C~

1984 4.78 5.7- .63 7.79 12.39 15.81 CC e--o
1985 4.90 5.89 5.77 7.93 13.29 16.71
1990 5.51 6.50 E.97 9.13 31.07 34.49 <
1995 8.87 9.86 12.32 14.48 C>c O -
2000 10.97 11.96 11.65 19.81 .

Bout ne messages beccmes indefin-.e, s-ar-irg i- 1983, whil;

the average waiting time for Priori-y 3issagis becomes ir e-
finite in 1995. Table XIII de.picts h ef'c. c: a n

F-.cent reducticn in tha average message langhs cf all

preced-ence levels, under the assumption zif inc: as:ng i:pu-

tates These results d-mons-ra:e tha-: a -. n oczn-. :.c-

tion :r. the ave:age messagi, langt.h wo'uld i cras,- chan%_e!
utili2atica and waiting -imes, bu-. wcuid :suL- in an inie-

'nite waiting period fcr Rcutine 3tssaq-a 1985. Th.s

issults alsc demcnstrate :ha- if message 1-.ngth -- ducn4cr is
to be employed to ersu- a channel utilIza-ion, -h=n rduc-

tions of 40 or 50 parcen.t are :rqui-ed if -hs br'dc=s-

channel is to meet ccmmurications zaqai-r-men-s -hrcugh-nh

1990's.

TABLE XIII

Predicted Effect of 10% Reduction in dessage Letgth

FLASH IMMEDI A'TE PRIORITY ROUTINE

XEAR 2.u2uim tal Bueu3' a Q
'MW 274 3 7 -2M -3776 t.r7--.7 5 t 5 -w9
1984 2.72 3.60 3.13 4.07 6.08 9.16 132.35 135.29

* 1985 2.84 3.72 3.31 4.25 6.J3 9.91 O< C'-
1990 3.85 4.73 4.76 5.70 15.55 18.63 C
1995 !.2C 6.08 6.93 7.87 113.33 116.41
2000 7.11 7.99 10.77 11.71 C><:

.;4
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The current practice of employing an ove_-cac c:- rn

has the effect of dcubling the capaci-y of the channe' ad

its transmission rates. Table XIV shows th s-c-, r.

vaiting times, cf employing an ove-load channr-l -h-cagh -
.. ? yaz 2000, under the assumption of incr.asing "n -r: -s.

while this acticn wculd ensure that :quiinnts a m. met

until 1995, it alsc demonstrat s that some ccrriz of
'oth tran sissicn rate increases and m=ssaae ipU- - it,

reduction is require. to satisfy _equirem-n-s at- -urn cf

the cen-ury.

TABLE XIV

Predicted Effect of Employing a Dedicated Ov=.rload Chann-l

FLASH IH 1 EDIAE PDI I A E IRITY CUT
Tota cu72 7 7 -a:9 1 7i 7 -a- . Ti Tf

: 1984 .78 1.77 .85 3.01 1.16 4.59 2.33 5.60
1985 .84 1.83 .91 3.07 1.29 4.71 2.78 6.05
1990 1.15 2.14 1.28 3.44 2.10 5.52 7.9, 11.261995 1.5=1 2.50 1.77 3.93 3.70 7.12 ' -
2000 2.13 2.12 2.64 4.83 8.82 12.24 .- ,0 t

-7
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V. CONCLUSIONS

The current -ti-4me cbjr-ct 4ves for I eli very of ;qa ch message
precedence level ares prcmulga--ed in (Ref. 71. Ta bl1e XV

lists the wri ter -to-rsa de t ime objectivaes for naval

T ABLE XV

message Delivery TiAme objectives

PRECEDENCE TI.I OBJECTI'VE

immediat e 30 m-n
Pzrior4-y 3 hoUrs
Rcut ine 6 hours

messages. The -otal wie--rd delay, fcr a massags

des.'inel for the fleet b rc adcas, is nct givern by t:bs tcta2.

tzme spent in the NAVCOMPA-9S. 3 c w,--vs.r, bscauss of -:h

normally high speed 4input c ircu::ts (e.AUTODIN or CUD-XS),
tine tiffs sprint inl the SAVC04PARS r prssents a largea pzerczn-

tags cf the total t-,Le delay.

The statisti-cs ga-hered fr RADLY 3C0, ind --h= applica-

: on c: the analvrt.cal mcdel, --ndicats the: t he --!.R

cbjsctives can cu-rer.tly be sari~fie-:d by t:he multichanneal

troadcast. Future predict ions, base-d upon, an assumption: of

six percent yearly message g-:owt:h, indca-es thal-~s

objectives will not he met in the 1lAts 1980's. Duzing this
time ftame, th-- utillza-tion of "La mult:ichannsel bzoadcs-

will1 exceed one and Routi ne messages wculd rema'r in the

syst-em indefinitely. During the 1993's ths average -:ime

spent _n the system of all precedence levels will have

increased mcre than -00 parcent, and the toctal systsm u-'Ili-

zatieD would be cver t wo. This wc u Id indicate -:Ym

requiremen~t of, at lsast, a full-time brocadcast cvsr2.oad

cha-nel, in crder to sati4sfy current . u cbj=ctiJve_-.
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A. RECCHIENDATICIS

TIhroughout this; efforz, thrae simpl16c: so1u--.c!n5 have

appeared:

1. Decrease the message input rate9.

2. Increase the channel's transmission sps-1.

3. Reduce the message length

While entcher, or all, of these options would improva --h-:

Wtili42atCn rate, and -thus channel pa~formanci, they are no-

*The comn ncatiLors manage:- has a ciea~lv defired s-a:f,

cr suppcrt, :Cle, ard as such, cannoz di:--ctly affsc-t -!h=

message input rate. Bowve -r,intesaf:lhecmu-

*cat ons man:ager can impress upon commande17s, and c-her
users, h-e =-jf ct upon -he quality Of ssrvi4cz (i.c. wa --4r, g
tme) o~sy, tem over uti-&li-zati.on. The modesl i-7d4ica-es -ha7,

rot crly does an iicreased load affect averag? waitir-.g -im-,

bu t so dcres i4ncr-aased high p7rec-dsrnce u-i'lizatiJon. h

commun.Lca-icjs managsr should telt hs requizemqnt tc k isp

h:gh F==c~d:.cs message input rat zs as l-w as possible,

t,:-e wessace precederce system isto servs i-:s functi-cn cf

allowy;ng hIghei:r ;r ior ty t a 6ffc t be wa rn s wit C-d a S
-rapidly as pcssibla.'

The spee d dIfferential betwsen -he NAVCC 1PARiS process--na

an d -ra-sm~cson sutsysteams 'ndicates a :equi=-mment fc:1 a

contingency delivery system, such as mail, sh o-ul1d r.h e z stem

s u ff:er aexte-9n de I outages. Wi-th such high litiliza-icn rates,
mesSagc-s dest--n ed fcr delivery vi-a the rul-channel broad-

Ca st, wculd e-xprience- extended que3ue wa:tin-a :4imes af-er-: ?

system outage. Corcuzrently, -t :s rcumben uonth

*communicatiocns ma na ger t:) assi-st in --he developmen~t and

implementation of all.ernative methods of satisfying communi-
catcn reuiemnti he is t.) succeed in an =ffc: to

reduce tbe to-ctal message input rates.
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There are twc means of increasing the message t-ra'sm-Ls-

sion rate, either by i-ncreasing the channel's trar sm -*ss ion

rate or reducing message length. Increasing the channel's

tranmission speed is a technique carrentl-y izvleme -n-ed

through the use on an overlcad channel. Th4 employment: of

thi"s cpticn is subject -to both the avallibility o! a vacan-t
channel and the capabili.-y of the flee.t units to cCPY :nz

additional channel. An increase in the channal's -:ransmis-

sion speed, above 75 baud, would z = qu::s ~x -_9-s ve
tachnciogical and logistIcal changes, and is not corsids~ed

* a viatle rear term cption.

* Th=e reducTion of messagS lsng-h rereetsth

Slikely mears of izcr-easi4ng the chan-el's th~cughput.

Ccmmunnat__cns managers should examirse the cu~renz fc~inat of
naval messages to determi-ne If =reductr2.s could be made in
message cverhead, such as message header-s. Again.,iti h

responsibil-;ity of the communications manager to -n-germ use:-z

cf the Importance oforedu.cing message length. This- Is mcst:

criti6cal wit!h high precedence tIraffic, sincz t:he occurrsncs

cflne ransmissicn times at -:hese levels, .ncreases 6he

wai-ina times of all lowe:-- levels.

The rsducticn of message lengt h could be e::ccurage4

through the alteraticn of -thi pres-ent S4AVCOMPARS aauue

discipline. Instead of the present_ FIFO, by p r scede=-nce

*level, a system could be implemsented -hat allocws messagsst

proceed tc the "head of the line" 1, within thei;r own prece-

dence Level, based ct the message length. Users could thezr,
tz informed that the lqngth of t:heir 3eszages also dqter-

mn.nes the guality of service received.

Historically, ccmmunications managers have atte=mptqd tc

enlist t-he aid of users 4n -;mprovin-g the quality of cvc

provided, w4thout the use of penal- -i.s or incent-e.

above reccmmendaticn would end t-his pra-cticc-, an-d :es't in

a more efficient system.
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